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EDWARD R. BALDWIN
It may seem presumptuous to attempt to cover this subject, inas-
much as it would manifesdy be impossible to do justice to, or even
to mention, all the workers who deserve notice and who have labored
in this field. Yet, it seems worth while to trace the more important
advances and to give some personal experiences obtained during the
past forty-nine years of tuberculosis study in the first special labora-
tory in this country.
The late Dr. Edward L. Trudeau was one of the earliest in
America to appreciate the discovery made by Koch in 1882. He did
not havethe advantage of first-hand contact with Koch as did Welch,
Prudden, andvH. P. Loomis. Nevertheless, he quickly acquired the
technic of staining the bacillus from Prudden and Hodenpyl of the
old laboratory of the College of Physicians and Surgeons in New
York, as has been so graphically told in his "Autobiography." It is
related that the late Surgeon-General George M. Sternberg was
believed by his wife to be the first to stain the tubercle bacillus in
America. However, Dr. T. Mitchell Prudden visited Koch's lab-
oratory in 1885 and brought back a thorough knowledge of the
methods of the master. Dr. William H. Welch also made a special
study of Koch's work.
Before the days of bacteriological knowledge, the researches in
this country connected with tuberculosis were chiefly clinical. The
chair of medicine was combined with pathology in all the medical
schools until about 1880 and it must be confessed that our medical
authorities were singularly indifferent to the early discoveries.
Prof. Austin Flint doubtless produced the most valuable record
of clinical observations on pulmonary tuberculosis in the history of
American medicine of that period. Benjamin Rush and the late
Henry I. Bowditch of Boston had made interesting notes on the
epidemiology and treatment of phthisis early in the nineteenth cen-
tury. The latter came under the influence of Louis, the great
French teacher, and learned the use of the Laennec stethoscope.
Other American writers of varying distinction propounded theories
and proposed remedies forconsumption, empirically supported. We
may properly drop a veil over many fantastic "cures" and pass on toYALE JOURNAL OF BIOLOGY AND MEDICINE
the real beginning of experimental research following the discovery
of the tuberde bacillus.
It seems no mere coincidence that several of the most distin-
guished of our American scientists, Professors Welch, Prudden,
Theobald Smith, and W. H. Park, and the physicians Trudeau,
Osler, and Biggs were all on the threshold of their careers at this
period. At the time, German medicine obtained the ascendancy for
American students although the Pasteur Institute furnished much
creative leadership under -mile Roux.
Trudeau began his laboratory experiments in 1885. Among his
first was the so-called "Environmental Experiment" to contrast
indoor with outdoorlife in their effects on inoculated rabbits. Some
of the animals were turned loose on an island; others were confined
in a dark cellar.
The first knowledge of Trudeau came to me in 1887, when I
was a medical student at Yale. One of our teachers had seen the
rabbit island and described Trudeau's experiment to us. The favor-
able effect of open-air life on the tuberculous animals* made a last-
ing impression on us.
Almost coincidently in the early nineties Trudeau and de
Schweinitz made efforts to immunize animals, after the methods of
Pasteur, with cultures of lowvirulence.
Samuel Dixon in Philadelphia actually published the first note
on attenuated bacilli in 1889.
Prudden and Hodenpyl showed in 1891 that dead tubercle
bacilli could produce tubercles and even caseation, a fact of great
importance in laterinvestigations ofimmunity.
The discoveries of the typhoid, cholera, tubercle, and diphtheria
bacilli which followed in quick succession in the decade 1880-1890
brought feverish activity to the laboratories of this country as well
as to those in Europe, both in human and veterinary medicine. We
note at this time the entrance of public health departments into the
study of tuberculosis.
Outstanding work was done in the United States Bureau of
Animal Industry by Theobald Smith, Salmon, and de Schweinitz,
and by Dorset, Pearson, and Ravenel in Pennsylvania.
It was in 1895 that Smith definitely proved the difference
*Incidentally, the difference between bovine and human bacilli was not known
until later and the recovery from inoculation with human bacilli would not be
surprising today.
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between human and bovine tubercle bacilli. Ravenel was the first
to isolate the bovine type from a human source. Then followed
further efforts to immunize cattle with dead bacilli and those of
weak virulence. Some degree of success was obtained, which pro-
tection lasted a year or two, but the method was abandoned after
Pearson and Gilliland in Pennsylvania and Theobald Smith,
Schroeder, and Cotton had found it inadequate.
Meanwhile, the excitement about tuberculin for dinical use
had come alnd gone and numerous clinicians abandoned its use.
Striking improvement in guinea-pig and rabbit experiments
had been produced by Trudeau with dead bacilli, avian bacilli,
and filtrates of cultures. He never lost faith in the possibilities of
some form of specific treatment, and was occupied in attempts to
modify tuberculin to lessen its reactive power when I went to Sara-
nac Lake in 1892. When one could see the treated animals with
cicatrized lesions in the organs and caseation absent or absorbed it
seemed very convincing that some benefit had been accomplished.
Nevertheless, relapses or chronic disease ultimately occurred to dis-
courage us and permanent curative effects were doubted.
Then followed serotherapy in 1900; which also had enthusiastic
support at first. Most of the serums were imported, but several
years were devoted to producing antitoxins for tuberculosis at the
Saranac Laboratory, byde Schweinitz and Dorset atWashington, and
by Carl Fisch at St. Louis. While failure resulted by following
the methods used in diphtheria a strong stimulus was given to the
study of the chemistry and toxic products of tubercle bacilli.
Notable contributions were made at this time by Levene and by
Vaughan. Antibodies could be produced in the blood of animals by
various products of tuberde bacilli but they were only demonstrable
by agglutination, precipitation, or complement fixation tests and
did not neutralize tuberculin reactions. This was a major dis-
appointment.
The true nature of the tuberculin reaction was not understood at
that time and the word anaphylaxis, introduced by Richet, was not
used until Rosenau and Anderson published experiments from the
United States HygienicLaboratory in 1907. This followed the dis-
covery by Theobald Smith that serum injections might result in sud-
den death. These deaths were explained as "serum disease" by von
Pirquet and Schick in 1903. The whole subject of tuberculin sen-
sitiveness then came under intensive investigation at the Saranac
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Laboratory, where Krause and the writer made it the paramount
object ofstudy forthe next sixyears.
In the knowledge thus gained we learned that the anaphylactic
antibody was not an antitoxin and the study of focal tuberculin reac-
tions by Krause brought out the danger of tissue destruction due to
the tuberculoprotein in sensitized animals, and explained the hazard
of tuberculin reactions.
Sputum examination became a public health measure and new
methods ofsedimentation ordigestion were brought out. Studies on
infection and disinfectants were made. Milk was examined, as was
the dust ofhospital and sanatoria rooms. Other acid-fast organisms,
which were not pathogenic, were discovered, especially in milk and
water. In these accomplishments the names of Theobald Smith,
Hess, Schroeder, ParkandKrumwiede, Hance, Kinyoun, Brown and
Heise, Price, Rosenberger, and Brem are found among many others.
New and improved culture media and methods of isolation of
bacilli were introduced by Dorset with his egg media. Repeated
efforts to immunize cattle had been made by Theobald Smith and
Pearson and by Gilliland with limited success, yet the effort was con-
tinued in Europe by the use of non-pathogenic bacilli culminating in
Calmette's "B.C.G."
Early diagnosis by subcutaneous use of tuberculin went through
a period from 1890 to 1920, to he largely replaced by the cutaneous
test when introduced by von Pirquet.
By far the most important advance in diagnosis was the discovery
of the x-ray, the history of which is a separate chapter. Neverthe-
less, it is necessary to mention the enormous improvement in technic,
since the pioneer work of Williams and Cole, provided by Coolidge,
an American, in his development of the nitrogen-filled tube which
made stereograms possible. It must be clear to all that a new epoch
in the discovery of tuberculosis began with the use of tuberculin and
x-ray in epidemiology and in industrial medicine. The previous
studies of a statistical character by Bushnell and Woodruff of the
United States Army are now being revalued by the new methods.
Refinements and improvements in the technic of x-ray methods,
such as fluorography, tomography, and angiography, have beenadded
in recent years. Small films have been introduced for large-scale
x-ray surveys, especially for military use. Paper films are also
utilized for economy (Barnard, Edwards, et al.). Furthermore,
tuberculin and x-ray surveys have been increasing in number and
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scope, notably in schools, colleges, and large industries (Ferguson,
Stiehm, Soper, Edwards, Douglas, Keller, Myers, Hetherington,
Long, Hahn, Rhoads, Mencia, Mayer, and Kahn).
In the pathology of tuberculosis there have been very valuable
American contributions. Prudden, Councilman, Mallory, Krause,
Warthin and Cowie, Opie, and Sweany were engaged in furthering
our knowledge ofthetypeand course ofinfection, and of the transfer
of the bacillus by way of the placenta. Wells and Long studied the
pathological chemistry of different organs. The pathology of
tuberculosis has been subjected to renewed study by Sweany, Feld-
man, Myers, and Friedman. Sweany traced primary and re-infec-
tions in a large series of postmortems. In some cases Rich found
meningitis due to pre-existing foci in the brain.
We are indebted to the late Prof. W. S. Miller for the most
complete study of the anatomy of the lung. Henry Sewall, Potten-
ger, McCann, and Jobling and Peterson gave their contributions
to the physiology of the tuberculous; Pottenger especially of the
nervous system and McCann and Burr on metabolism. J. E. Walsh!
E. Funk, Mills and Henderson, and George Walker studied renal
function.
The research activity in tuberculosis was greatly accelerated in
this country following World War I. The European countries,
impoverished, having lost many talented young scientists, suffered a
serious arrest in their work in all medical investigations. Here, on
the contrary, were many new institutions and men with their interest
stimulated by opportunities in the form of fellowships offered as
well as by theregular courses in medicine.
New tools were also available. Well-equipped diagnostic lab-
oratories had grown in importance. New methods of diagnosis by
serum and blood cells were to be tested. New vaccines were being
introduced. Thus we find agglutination, precipitation, complement
fixation, and the opsonic index used in diagnosis. The last named
proved to be technically impractical. Blood cytology was now to be
a guide totreatment. Webb, Cunningham, Medlar, and Wadsworth
made these studies in an exhaustive manner. Webb and Williams
showed a close relationship between improvement and a rise in the
lymphocyte ratio in the blood. Others who studied the cytology
of tuberculosis were Foote, Permar, Haythorne, Murphy, Hussey,
and Manwaring. More recently Sabin, Cunningham, and Doan
have tested the effect of isolated products of chemical analyses of
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the bacillus made by Yale chemists for the Research Committee of
our National Tuberculosis Association. Further mention of this
work will be made.
The diagnostic value of the new cell differential counts, as well
as of the blood sedimentation test so widely employed, has not been
so accurate as was hoped, since other diseases give similar reactions.
Nevertheless, they are used extensively, with care in the inter-
pretation. On the other hand, improved culture media, such as
those of Petroff and Corper, have brought direct sputum culture
more and more into use. Petroff was successful in devising culture
media and methods, now widely adopted, for the sedimentation of
sputum and urine. Cooper, also working with Petroff in chemical
studies, improved the staining methods of Ziehl-Neelson by adding
sodium chloride to the fuchsin.
Esmond Long and Florence Seibert carried on valuable chemical
studies of tuberculin which now have resulted in a standardized
pure protein, "P. P. D." available for skin tests on a large scale. It
is hoped by this means to have tuberculin surveys in schools, etc.,
show comparable figures and to have an international standard used
for epidemiological research.
The most exhaustive chemical analysis of the tubercle bacillus
has been carried out in this country. The idea of an extensive
cooperative study was the conception of Dr. William Charles White,
now connected with the National Institute of Health. During the
last ten years a continual succession of publications have appeared
under the authorship ofProf. Treat B. Johnson and of R. J. Ander-
son, of Yale, and their students. At the annual meeting of the
National Tuberculosis Association, Dr. Anderson exhibited a large
collection of chemical products obtained from the tubercle bacillus
and other acid-fast organisms. Coincident with this extensive study
a comprehensive histological research program has been under way
by Dr. Florence Sabin, of the Rockefeller Institute, and her
associates.
The net result thus far, as applied in medical practice, is the
new purified tuberculin known as "P.P.D." (purified protein deriva-
tive) already mentioned. This chemical study was, however, of
great importance as a scientific approach to the chemical pathology
of tuberculosis. Possibly of equal importance have been the
advances in the knowledge of virulence as developed by Petroff and
his associates, Steenken, Cooper, Oatway, Winn, and others, as well
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as by Sweany, Kahn, and Doan. I refer to the phenomenon of
dissociation of tubercle bacilli into types of varying virulence and
morphology. The problem is still under investigation and disagree-
ment as to details are yet frequent. Likewise, there are conflict-
ing views concerning filter-passing forms of tubercle bacilli. Dr. R.
Mellon is the principal exponent of the filterable type of tubercle
bacillus much exploited by French bacteriologists.
Classification of acid-fast bacteria has been extended by Hagen
and his associates at the Cornell Agricultural Laboratory; improved
methods of sputum culture have been developed by Loesch and
Petrik, Whitehead and Corper, and Steenken. Extensive inocula-
tion of rats, mice, rabbits, and of farm animals has been made by
Crawford, Wessels, and Smithburn to test the-virulence of human,
bovine, and avian types. Inoculations of lepra bacilli (Duval)
were successful in rabbits, according to Loving.
While in the first cultures of B.C.G. virulent bacilli were occa-
sionallydemonstrated, repeatedattempts made since byPark, Rosen-
thal, and others to produce progressive disease from Calmette's
culture have been unsuccessful. Similar efforts by Fridtjof-Moeller
in Denmark have admitted the possibility of changes in virulence of
B.C.G., although the late Stanley Griffith failed to note any increase
in virulence.
Meanwhile, an increasing number of cases ofpulmonary tubercu-
losis caused by the bovine bacillus have been reported in England,
Scotland, and Denmark.
It may be seen that notable advances have been made in the
bacteriology of the tubercle bacillus and they may provide the solu-
tion of some of the clinical mysteries arising in the course of this
disease.
To refer again to the subject of chemotherapy in America, men-
tion should be made of the very painstaking work of the late Lydia
DeWitt in Chicago, especially with dyes and metallic compounds-
gold, copper, mercury, and iodine. This work extended over a long
period and was done in association with Wells and Long, whose
contributions to the chemical pathology and the physiology of
tuberculosis have been the most extensive in this country. The
most valuable text-book on the subject has appeared under their
authorship. The late Paul Lewis, while connected with the Henry
Phipps Institute of Philadelphia, made an extensive study of germi-
cidal dyes and other substances. Corper also tried copper and
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showed that it did not penetrate tuberdes. Petroff, following
Churchman's method, introduced gentian violet into culture media
to restrain the growth of other bacteria, but he failed to get satisfac-
tory mercurial preparations for clinical use in pleural effusions.
The foreign preparations of gold have been used in this country
and must be classed with the mercurial compounds in the toxic
properties inherent in heavy metals. The copper and gold prepara-
tions are known to act like tuberculin in causing reactions around the
tuberculous lesions and therefore involve danger, especially to the
kidneys and intestines.
Treatment with calcium preparations has been supported on
the basis of the hypothesis that nature heals by deposition of calcium
in the tubercle. Maver and Wells found no support for this belief
from animal experiments, and Lawrason Brown saw no favorable
result in anextensive clinical test with calcium lactate. This mineral
has again aroused interest in connection with the use of vitamins in
recent years. Thus far, no evidence has been given that the
increased calcium assimilation due to vitamin D increases calcification
of tuberculous tissue. Recent experiments in the Trudeau Labora-
tory with irradiated milk favored the nutrition of the guinea-pigs
without manifestly altering or restraining the disease (Loewen and
Oatway).
Many specifics for tuberculosis come and go without obsequies
and but few have been put to scientific test. Fundamentally the
problem is insoluble, if one expects chemical agents to penetrate
dead tissue and slaythe bacillus in its lair.
More hope may be argued for a preventive agent to arrest
beginning infection. A really hopeful outlook has been obtained in
the vitamin feeding such as that now employed in warding off intes-
tinal and laryngeal tuberculosis. McConkey, working under Prof.
David T. Smith at Ray Brook, has made clinical application
of vitamin feeding, based upon the results observed in the
development of intestinal lesions in animals fed upon a deficient
diet. Orange and tomato juices, as well as ultraviolet radiation,
seem to be effective and curative as well as protective. This field
is new and American physicians are well in the van in cultivating it.
Clinical research has been greatly stimulated since the extension
of hospital and sanatorium care of tuberculosis patients. Many
forms oftherapy havebeen evaluated by controlled studies. Tuber-
culin and gold therapy have been supplanted by collapse therapy;
surgery has entered the field and its limitations have been measured
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by physiological tests (Cournand, Richards, Kaltreider, Wright,
McCann, et al.).
The part played by endocrine secretions and hormones in resist-
ance is receiving attention (Steinbach, Heise, Kaplan, Birkhaug,
Chang, Getz).
The possibilities of chemotherapy with the sensational sulfona-
mide compounds is sufficiently encouraging to warrant continued
search for an agent which will be effective in early tuberculosis
(Feldman, Myers, Heise, Schlenker).
We visualize two problems in the future:
(1) How to remove sources of infection and how to avoid
re-infection ofthose once infected. I have not referred to the exten-
sive study on repeated infection as it would lead too far. Many of
the experiments onimmunityin cattle involved this principle, as does
the B.C.G. inoculation as nowpracticed. An increased resistance and
altered reaction result from the first infection, as was discovered
by Koch, Trudeau, and Theobald Smith. We know that if the
dose is small and bodily conditions favorable the second infection is
suppressed at the start; possibly but not necessarily accompanied by
an inflammatory reaction like that of tuberculin. This protective
mechanism comprises all the acquired immunity we know in tuber-
culosis. It is broken down by starvation and diseases, notably by
diabetes and by silicosis. It is probably renewed from time to time
by slight infections from outside, but it persists after tuberculin
sensitiveness fades away.
(2) We have the problem of racial susceptibility and heredity.
Some interesting studies have been made in America, and experi-
ments by Wright and Lewis on inbred guinea-pigs showed heredi-
tary disposition. Others, mostly statistical, by Brown and Pope,
Raymond Pearl, Govaerts, Bogen, and others are ofinterest. Patho-
logical examinations by Opie, and tuberculin and x-ray surveys of
Indians have been made by Long and Aronson with results which
promise help in controlling the disease. An extensive experimental
study of heredity has been published recently by Lurie at the Henry
Phipps Institute.
The study of Gardner and his associates in the Saranac Labora-
tory on silico-tuberculosis may be mentioned as timely and as produc-
ing practical results in industry. The average laboratory problem
in the past has seemed somewhat remote to the layman and it is
most gratifying to have a practical application of knowledge brought
to the people for their benefit.
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